Grassland covers more than a third of the earth's terrestrial surface. Grazing management can affect 15 grassland carbon dynamics and soil microbial biomass, yet limited information is available on the effects of grassland management on carbon dioxide efflux and soil microbial biomass carbon (SMBC) and nitrogen (SMBN). During 2010 and 2011, soil respiration (Rs), SMBC, and SMBN, as well as different abiotic and biotic factors were measured after long term rotational grazing (nine years) on the grasslands of the semi-arid Loess Plateau, China. Grazing management included different grazing 20 intensities and seasonal grazing patterns (in summer or winter). Stocking rates of 0, 2.7, 5.6, and 8.7
(LI-COR 6400, Lincoln, NE, USA) was used to measure Rs in our experiment plots. There were three sampling transects (50 m long) 30-40 m apart were randomly established in each experiment plots. Two PVC collars (11.0 cm diameter, 5.0 cm height) were randomly inserted into the soil along each sampling transects. For more information about Rs measurement and PVC collars installation see Chen et al (2015) . Before the measurement, all aboveground vegetation in each PVC collar were clipped to 15 ensure only Rs were measured. Rs were continuously measured for 6 days during the middle of May, September, and December, from 2010 to 2011 in the grazing experiment plots, respectively. All daily change of Rs were measured 2-hours intervals from 6:00 am to 22:00 pm.
Soil temperature and soil moisture
Soil temperature (ST) at 10 cm depth was measured using a thermocouple probe which attached to 20 the gas analyzer adjacent to each PVC collar during the time of Rs measurement. At the nearby PVC collar, soil moisture (SM) at the top 10.0 cm was measured by the gravimetric method, which involves drying soil samples at 105 ℃ for 48 h. Soil samples used to measure soil moisture was collected concurrently within days of Rs sampling .
Soil sampling and biomass measurements
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Soil samples were collected at random locations adjacent to each Rs measurement site at 5 cm and 10 cm depth during the Rs determination period. After soil samples were coarsely sieved (4.75 mm) to remove rocks and large roots, it were sealed in plastic bags and brought to the laboratory for analysis as soon as possible. Aboveground biomass (AGB) was estimated by cutting all vegetation in 1m×1 m quadrats (six per plot) after the plots were grazed during the second rotation in early September in 2010
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Biogeosciences Discuss., https://doi.org/10.5194/bg-2018-531 Manuscript under review for journal Biogeosciences Discussion started: 14 January 2019 c Author(s) 2019. CC BY 4.0 License. and 2011, when the aboveground biomass reached peaks. Samples were oven dried at 65 °C until a constant weight was obtained. Once AGB and litter were harvested, soil cores (10 cm depth, 10.0 cm diameter) to a depth of 1 m were collected by a soil auger to calculate belowground biomass (BGB) in each quadrats. For more details about BGB evaluation see Chen et al. (2015) .
Soil microbial C and N
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Soil microbial biomass carbon (SMBC) and nitrogen (SMBN) were determined using a chloroform fumigation-extraction procedure, and were calculated using the difference in dissolved organic carbon (DOC) and dissolved organic nitrogen (DON) between fumigated and non-fumigated soil subsamples (Brookes et al. 1985; Vance et al. 1987) . Briefly, 10 g soil samples were fumigated with chloroform for 24 h in a vacuum desiccator, and another 10 g served as non-fumigated controls. C and N were 10 extracted with 50 ml of 0.5 M K 2 SO 4 for 30 min, from fumigated and non-fumigated samples, and the extracts were filtered and frozen at -20 °C before analysis with a Total Dissolved Organic Carbon and Nitrogen Analyzer-multi NC 2100S (Analytik Jena AG, Analytik JenaCo., Jena, Germany).
Statistical analysis
One-way ANOVA analyses followed by a multi-comparison of a least significant difference (LSD)
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test was performed to examine the effects of grazing intensity (0, 2.7, 5.3, and 8.7 sheep ha SMBN. In these models, GI, GP，sampling time, and year were treated as fixed factors, and block was treated as a random factor. Significant differences for all statistical tests were evaluated at the level of P ≤ 0.05. To examine the temperature sensitivity of Rs, we conducted regression analyses using Rs = ae bT ,
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where Rs is soil respiration, T is soil temperature, coefficient a is the intercept of soil respiration when the temperature is 0 °C, and coefficient b represents the temperature sensitivity of soil respiration, which was used to calculate a respiration quotient Q 10 = e 10 (Luo et al. 2001) . Two-sample t-test for the means was used to identify the significance of the difference between Q 10 values under different grazing patterns. Unless specified, the significance level was set at P < 0.05 and uncertainty (±) always grazing plots was markedly higher than that in warm season grazing plots (P < 0.001). GI, GP, year, sampling time, and their interactions significantly affected Rs (Table 1 , P < 0.05).
SMBC and SMBN
SMBC and SMBN were both characterized by pronounced temporal dynamics between and within (Table 1 , P < 0.01), but there was no significant effect of the interaction between GP and GI on SMBC (Table 1 , P = 0.28). SMBC was also affected by sampling time and year, and their interactions. There were also significant effects of interactions between GP and sampling time (Table 1 , P < 0.001) and GP and year (Table 1 , P = 0.002) on SMBC. SMBN was not affected by GP (Table 1 , P = 0.057) and grazing intensity (Table 1 , P = 0.375), nor by the interaction between grazing 20 pattern and grazing intensity (Table 1 , P = 0.134). Sampling time (P <0.001, Table 1 ), year (P < 0.001, Table 1 ) and their interaction (P = 0.002, Table 1 ) significantly affected SMBN. There was no significant interaction effect of GP, GI, and sampling time or year on SMBC (P > 0.05, Table 1 ).
Effects of grazing management and biotic factors on the soil microclimate and Rs
The diel variation in soil temperature (ST), measured at 2 h intervals at depths of 0 -5 cm and 5 -10 25 cm, changed significantly over time ( season plots was 14.67% higher (P = 0.02) than that in the warm season plots (Fig. S1 ). The annual mean SM in 2011 was 7.90% higher (P < 0.001) than in 2010 (Fig. S2) . SM in September was higher than in other months ( Fig. S2 , P < 0.001). Although grazing intensities did not affect soil moisture (P = 0.87), plots with a grazing intensity of 8.7 sheep ha -1 had higher SM (17.5%) than control plots (0 sheep ha -1 ). There were no effects of grazing pattern (P = 0.11) on SM. The GI treatments resulted in 5 significantly lower mean AGB (P = 0.011), but did not affect BGB (P = 0.279). Across the two years of 2010 and 2011, mean AGB decreased by 23.78% (P = 0.002), but mean BGB increased by 33.14% (P < 0.001). Although there were no significant effects of grazing patterns on AGB (P = 0.051) and BGB (P = 0.059), both AGB and BGB were higher in cold season grazing plots than in warm season grazing plots (by 13.47% and 20.11%, respectively).
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During the whole experimental period, a significant exponential positive correlation between the rates of Rs change and ST was found in both warm season grazing plots and cold season grazing plots, indicating that Rs is strongly coupled with ST (P < 0.001, Table 2 ). There was a clear difference in the Q 10 values of Rs among the four grazing treatments both in warm and cold grazing season plots from 2010 to 2011 (P < 0.001, Table 2 ). With regard to the grazing patterns, Q 10 values of warm grazing
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season grazing plots were significantly higher than those of cold season grazing plots (Table 2) .
Structural equation models (SEMs) showed that the variance of Rs was directly and indirectly explained by GP and/or GI, which, together, could explain 57% of the total variation of Rs in the grazing ecosystem ( Fig. 7 and 8 ). GI significantly affected Rs due to a decrease in above ground biomass (AGB) and belowground biomass (BGB), which had a direct positive and negative effect on 20 Rs, respectively (Fig. 7) . In addition, AGB positively influenced Rs through increased SMBC. GI also increased soil respiration by directly affecting SMBC. According to the SEMs, the changes in Rs were directly affected by changes in grazing patterns, and by ST, SM, SMBC and SMBN, which were affected by GP. Moreover, ST and SM could directly or indirectly affect Rs through changes in SMBC and SMBN ( Fig. 7 and 8 ). We found that GI had no effect on daily variety of Rs in warm season grazing plots. However, it had a clear effect on cold season grazing plots. Since diel changes of soil respiration followed a unimodal pattern through time, consistent with ST, this could be due to differences in sensitivity to temperature in 10 grazing seasons, or could be due to spatial heterogeneity of Rs (Wang et al. 2013; Wang et al. 2017 ). In our study, daily trends in Rs were similar to previous reports from the same study site (Chen et al. We can assume that differences in Rs between warm season grazing plots and cold season grazing plots areas are mainly due to the biological activity of plant roots, and abiotic factors such as ST and SM, which were affected by grazing managements. These results are supported by the SEM analysis in our study and previous research (Jiang et al. 2010; Wang et al. 2013; Chen et al. 2015; Xu et al. 2016 ).
In addition, the effect of ST on Rs can be explained by the distribution of inter-annual precipitation. Ru et al. (2017) found that the amount of precipitation in the middle growing season is more important 10 than that in the early, late, or whole growing seasons in terms of regulating soil C release in grasslands.
This result is confirmed in our study, i.e., maximum precipitation and maximum soil respiration rate occurred in September 2010 and 2011 in semi-arid grassland. Furthermore, grazing had comparatively stronger effects on potential microbial respiration than on standing biomass (Bagchi et al. 2017) . Cattle grazing increases microbial biomass and alters soil nematode communities in subtropical pastures (Wang, et al. 2006) . Since soil respiration is a process of transferring organic C into inorganic C, the rate of Rs is ultimately controlled by the supply of C substrate (Xu et al. 2016; Bagchi et al. 2017 ).
According to the SEM analysis, the Rs was strongly regulated by SMBC and SMBN, which was directly or indirectly controlled by grazing intensities and grazing patterns.
Overall, ST and SM were the main abiotic factors affecting Rs, while aboveground biomass and soil 20 microbial biomass (which were affected by grazing management) were the main biotic factors affecting Rs in this grassland ecosystem. Distinguishing between the different and interactive impacts of the above factors on Rs will not only improve our understanding of the dynamics and patterns of soil respiration in terrestrial ecosystems, but will also facilitate projections of the responses of soil respiration under global change. sheep ha -1 significantly increased soil moisture by 17.5% when compared with a grazing intensity of 0
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sheep ha -1 (Fig. S2) . Storage of soil carbon is governed by the metabolic activity of soil microbes, which is mediated by plant diversity via higher root inputs and other, as yet unidentified, mechanisms (Lange et al. 2015) . Carbon uptake in rhizospheric microorganisms under high plant diversity was increased compared with that under low plant diversity (Lange et al. 2015) . Grazing management had an obvious influence on aboveground biomass, which could explain approximately 50% of the variety 
